A study was conducted in a Rainshelter (RTrial) at Egerton University to determine the correlation between irrigation water, nitrogen (N) and phosphorus (P) application on seed potato growth, harvest index (HI) and net economic benefit (NEB). The Rainshelter was to separate the effects of rainfall from those of irrigation water treatments. The treatments arranged in a split-split plot layout in a completely randomized block design, consisted of irrigation water (40%, 65% and 100% field capacity), N (0, 75, 112.5 and 150 kg N/ha) and P (0, 50.6, 75.9, 101.2 kg P/ha), replicated three times and repeated once. During growth plant height, days to 50% flowering and physiological maturity were determined and at harvest seed potato tuber yield and total biomass were determined to estimate HI and NEB. Data collected were subjected to analysis of variance and significantly different means separated using Tukey's Studentized Range Test at P≤0.05. 100% irrigation water yielded plant heights of 98.3 and 103.3 cm for RTrials (Rainshelter Trials) I and II compared to 76.2 and 80.4cm for the 40% treatment, while days to 50% flowering were 53.5 and 54.7 days compared to 68.3 and 69.8 days, and delayed days to physiological maturity were 109.8 and 108.7 days compared to 89.6 and 88.3 days. High N and P application significantly increased plant height and delayed days to 50% flowering and physiological maturity. 100% compared to 65% irrigation rate reduced HI by 5.3% and 4.9%, seed potato NEB by 2,852 US $ (Ksh. 288,991) and 2712 US $ (Ksh 274,792) in RTrials I and II, respectively. The N and P rates improved potato growth and development, HI and NEB. Combined application of N and P at 112.5 kg N/ha and 75.9 kg P/ha, compared to 0 kg N/ha and 0 kg P/ha increased seed potato HI by 8.5%, and NEB by 4,837 and 6,115 US $, in RTrials I and II, respectively. Integration of 65% irrigation rate, 112.5 kg N/ha and 75.9 kg P/ha rates optimized potato growth characteristics, and net economic benefit.
Introduction
Potato is an important crop in contributing to the growing food demand due to its capability to produce high value food in a short duration and ease of fitting into different cropping systems in a variety of environments (Teshome et al., 2014; Kumar et al., 2015) . In Kenya due to declining land sizes, available for potato, its production is characterized by continuous cultivation with low application of N, P and supplemental irrigation during deficient rainfall conditions. This is a major constraint that leads to poor potato growth, productivity and incomes to the farmers.
Water is the main factor limiting crop production in much of the world where rainfall is insufficient to meet crop demand and therefore maximizing crop water productivity may be economically more profitable for the farmers than maximizing yield (English and Raja, 1996,: FAO, 2012) . The potential yield of agronomic crops is affected by the amount of water supplied during the crop-growing season at a given region (Pereira and Nova, 2008) . The prices of nitrogen, phosphate, and potassium fertilizers began increasing in 2002 and reached historic highs in mid-2008 (Sanyal et al., 2015) and to date the costs are rising limiting the use of these fertilizers by potato farmers. Therefore, where fertilisers and irrigation water is applied, their optimum use by crops must be enhanced to increases their use efficiency and positively contribute to growth, yield and yield attributes. Irrigation water efficiency is essential where and when there is insufficient water for crop growth and can be enhanced through applying right amount of water at the right period (Elsheikh et al., 2015) .
Plant needs for water and nutrients are interdependent, as a good water supply improves the nutritional status of crops, and adequate nutrient supply saves water (Roy et al., 2006) . Efficient integrated water and nutrient management is an essential tool for long term sustainability of the seed potato crop. In other parts of the world, irrigation has been increasingly employed to curtail effects of drought (Thompson et al., 2007) but in Kenya potato farmers rarely use this practice due to cost and lack of knowledge, among other factors. In Kenya informal seed potato producers inconsistently and inappropriately apply N and P fertilisers due to lack of information on their combined effects on potato production. Due to rising fertilizer and irrigation water cost, it is important to improve N, P and irrigation water use efficiency through adoption of optimal and consistent application rates. Based on these facts a field study was undertaken to investigate the correlation between application rates of irrigation water, N, and P and seed potato growth, harvest index and net economic benefit.
Materials and Methods

Potato Establishment in the Rainshelter
Potatoes were planted in a rainshelter at the Horticultural Research and Teaching Farm of Egerton University, Njoro between 19 th August and 19 th December 2011 (RTrial I) and the trial was repeated between 5 th April and 6 th August 2012 (RTrial II) . The three factors were tested in a split-split plot design with the irrigation water rate assigned to main plots, N to subplots and P to sub-subplots. The treatments were replicated three times.
The treatments consisted of three irrigation water rates (40%, 65% and 100% field capacity, applied throughout the potato growth period through drip tube lines. Water was supplied through irrigating only the root zone, leaving the inter-row spaces dry. A WaterScout (Model SM 100 Sensor) connected to 2475 Plant Growth Station (Watch Dog Model, Spectrum Technologies, Plainfield, IL 60585, USA), which is applicable between 0% to saturation was used to indicate the need for irrigation. Nitrogen (N) was supplied as urea (46% N) at four rates (0, 75, 112.5 and 150 kg N/ha), each in two splits, with the first half at planting and the second at 5 weeks after planting. Phosphorus (P) was supplied at planting time as triple superphosphate (46% P 2 O 5 ) at four rates (0, 50.6, 75.9, 101.2 kg P/ha). Each plot measured 1.8 m x 2.25 m.
Potato Growth and Development Measurements
Plant Height
Stem elongation was measured beginning 45, 59, 73, 94, and 108 days after planting (DAP) in both RTrials I and II. Three mature plants were randomly selected from each treatment for height measurement using a metre rule. Height was measured from the ground level to the tip of each plant.
Days to 50% Flowering
Days to 50% of the plant population flowering was recorded at flowering stage. 50% flowering was determined by counting the number of plants with flowers including where there was a plant with one flower within a treatment plot. A treatment plot was considered to have attained 50% flowering when at least half of the plants within the plot had flowered.
Days to Physiological Maturity
Days to physiological maturity were recorded when the leaves of 70% of the plants in the plots turned yellow.
Potato Total Biomass (Biological Yield)
Total biomass was determined as in White (1978) and Bonham (1989) and consisted of both the tuber and shoot dry mass. Dry matter of shoots and tubers per plant was determined at harvesting stage using three randomly selected plants from the middle rows in each treatment plot. The shoots were cut, placed in "Mafuco® khaki" papers, and weighed using a pan electronic balance when wet and later taken to the laboratory and dried at 80 o C for 72 h in an oven. Similarly tubers from each of the three plants were weighed when wet and then separately sliced into smaller pieces, and placed in "Mafuco® khaki" papers and dried in the oven at 105 o C for 72 h. After weighing, the shoot and tubers dry mass per plant were summed together and the total biomass per plant calculated.
Harvest Index (HI)
Harvest index, which is the weight of a harvested produce divide by the total plant weight (Mackerron and Heilbronn, 1985; Tadesse et al., 2001) , was calculated. Total fresh tuber yield per plot was obtained by dividing the yield obtained per 10 plants harvested by 10 and multiplying by the total number of plants per plot (28 plants). The total fresh aboveground biomass per plot was obtained by adding the fresh weight of the shoots of the three harvested plants for biomass analysis and dividing this weight by three and multiplying by the total number of plants per plot (28 plants). Total fresh tuber yield and aboveground biomass were added to obtain the total plant weight per plot. Harvest index was calculated by dividing total fresh tuber yield by total plant weight and multiplying by 100 to express HI as percentage (%).
Economic Analysis
Economic analysis {net economic benefit (NEB)} of seed production was performed after harvest. It was calculated by deducting the gross production cost from the gross field benefit (CIMMYT, 1988) per treatment. The gross tuber output (benefit) was determined by multiplying the weight of tubers by the prevailing seed market price with ADC. The minimum seed price of 50 kg bag at ADC is KSh. 1,400 and 1,800 of seed size II and I respectively. This translated to KSh. 28 and 36 per kg of seed size II (45-60 mm) and I (35-45 mm) respectively. These prices were adopted for economic analysis. The gross benefit is the gross income derived from sale of the seed tubers. The gross production cost of fertilizer and irrigation per unit area was recorded and subtracted from the gross benefit to obtain the net benefit. The cost of irrigation was calculated using the water rates of Nakuru Rural Water and Sanitation Company, of KSh. 500 per 6 m 3 consumption. The cost of a bag of TSP was KSh. 4,000 and that of urea KSh. 3,600. The net benefit/plot was translated to net benefit per hectare. Labour costs in man days (MD) was uniform between the treatments per hectare and included planting (25), weeding (25), spraying (2), earthing up (25), harvesting (75), and grading (40) a total of 192 MD each costing KSh. 205. Water, fertiliser and labour were considered as the major seed potato investment costs.
Data Analysis
Data collected was subjected to analysis of variance using the SAS system for windows V8 1999-2001 by SAS Institute Inc., Cary, NC, USA (SAS, 2011) and significantly different means separated using Tukey's Studentized Range Test at P  0.05.
Results
Plant Height
Plant height differed significantly among the irrigation water, N and P application rates at 45, 59 and 73 DAP. Integration of irrigation water, N and P rates in different combinations also significantly affected plant height late in the growth season, at 94 and 108 DAP. Taller stems were observed in potatoes that received high irrigation water, N and P application rates both in RTrials I and II. Plant height progressively increased from 45 to 73 DAP. This increase was significantly dependent on irrigation water, N and P application rates. High irrigation water rate at 100% resulted in taller plants which attained a height of 98.3 and 103.3 cm compared to 76.2 and 80.4cm recorded with 40% irrigation water rate, 73 DAP while 65% had intermediate height in both RTrials I and II, respectively. Similarly a strong relationship was observed to exist between plant height and both N and P application. High N and P application rates resulted in significantly high plant height between 45 and 73 DAP and vice versa regardless of irrigation water rate (Table 1) .
From 94 to 108 DAP integration of irrigation water, N and P significantly increased the plant height (Table 2) . At 94 DAP plant height increased to 132 and 141 cm with combined application of high irrigation water, N and P rates compared to 72.6 and 76.8 cm observed with integrated application of low irrigation water, N and P application rate in both RTrials I and II, respectively. At 108 DAP average plant height was 148.9 and 151.9 cm with 100% irrigation water, high N and P application rates compared to 70.4 and 71.9 cm recorded with integration of 40% irrigation water rate together with low N and P rates in both RTrials I and II, respectively. 18.3 10.9 8.6 17.5 10.9 8.6 *Means followed by the same letter (s) along the column for irrigation water, N and P application rates are not significantly different at P ≤0.05 according to Tukey's Studentized Range Test. MSD = Minimum Significant Difference. Mean separation was done within each season. Therefore, higher height was observed with high irrigation water when any rate of either N or P was supplied. Application of N and P irrespective of the irrigation water rate increased the plant height from 0 kg N/ha by 0 kg P/ha to 150 kg N/ha by 101.2 kg P/ha both at 94 and 108 DAP (Table  2) . Overall plant height increased from 45 to 94 DAP and a decline was observed in treatments that received low irrigation water, N and P rates at 108 DAP. However, significant differences in the plant height were observed among the treatments throughout the growth period in both RTrials I and II (P  0.05).
Days to 50% Flowering
The number of days to 50% flowering of potato significantly depended on the irrigation water, N and P rates. Significant interactive effects were observed both due to irrigation water by N rates and N by P rates in RTrials I and II. Interactive effects of irrigation water by P were not significantly different.
The days to 50% flowering decreased with irrigation water, N and P rates. Provision of 100% irrigation water during growth enhanced early synchronization of flowering in potato. Supply of 100% irrigation water decreased the days to 50% flowering to 53.5 and 54.7 from 68.3 and 69.8 observed with 40% irrigation water rate. High compared with low irrigation water rate reduced the days to 50% flowering by 14.9 and 15.2 in RTrials I and II, respectively. Potatoes where both 100% irrigation water and high N rate at 150 kg N/ha were supplied, attained 50% flowering at 47.6 and 48.5 DAP compared to 74.2 and 75.5 DAP where 40% irrigation water and N rate of 0 kg N/ha were supplied which was an equivalent of 26.6 and 27 days earlier in RTrials I and II, respectively (Table  3) . However, regardless of N application rate, 100% irrigation water attained 50% flowering earlier compared to other water treatments. High compared with low irrigation water rate when combined with high N application rate reduced the days to 50% flowering by 13.4 and 14.9 days in RTrials I and II respectively. However, irrespective of irrigation water rate days to 50% flowering reduced with increase in N application rate (Table 3 ).
High N and P application rates enabled potato to attain 50% flowering earlier compared to low application rates both in RTrials I and II. Application of high rates of N and P at 150 kg N/ha and 101.2 kg P/ha reduced days to 50% flowering to 52.3 and 53.3 compared to 0 kg N/ha and 0 kg P/ha which attained the same 69.4 and 68.1 days. High compared to low P regardless of N application rate reduced the days to 50% flowering by 4.7 and 4 in RTrials I and II, respectively. However, the days to 50% flowering reduced when high P and N rates were integrated (Table 3) . Overall, irrigation water, N and P rates significantly reduced the days to 50% flowering of potato (P  0.05). 1.9 * Means followed by the same letter(s) along the column for different irrigation water and P with N are not significantly different at P≤0.05 according to Tukey's Studentized Range Test. MSD = Minimum Significant Difference. Mean separation was done within each season.
Days to Physiological Maturity
Although the number of days to potato physiological maturity significantly depended on all the treatments, only the interactive effects of irrigation water and P application rates significantly affected the days to physiological maturity. There was a delay for the potato to attain physiological maturity with 100% irrigation water and high P rate in both RTrials I and II. Water stress and low P encouraged early senescence (Table 4) .
Potato plants supplied with low levels of both irrigation water at 40% and 0 kg P/ha attained physiological maturity in 89.6 and 88.3 days compared to 109.8 and 108.7 days where high levels of irrigation water at 100% and 101.2 kg P/ha were supplied. This shows that potato plants, stressed due to low irrigation water and low P application rates, reduced the maturity date by 20.2 and 20.3 days in RTrials I and II, respectively (Table 4 ). High levels of N at 150 kg N/ha delayed potato physiological maturity by 18.6 and 19.7 days in RTrials I and II, respectively (Fig. 1.) . However, irrigation water, N and P rates significantly influenced potato physiological maturity both in RTrials I and II (P  0.05). and P application rates both in RTrials I and II. Application of irrigation water and N increased the potato total biomass production. The highest biological yields of 222.5 and 272.2 g per plant was observed with 65% irrigation water rate together with N application rate of 112.5 kg N/ha compared to 125.6 and 135.6 g obtained with 40% irrigation water and 0 kg N/ha in RTrials I and II, respectively (Table 5) .
Similarly N and P application improved potato total biomass production from 110.5 and 119.5 g with low application rates of 0 kg N/ha by 0 kg P/ha to 233.9 and 283 g with 112.5 kg N/ha by 75.9 kg P/ha both in RTrial I and II respectively. Integration of irrigation water with N application improved the total biomass more than that of N with P. However, high application of N and P beyond application rate of 112.5 kg N/ha by 75.9 kg P/ha suppressed the total biomass production ( Table 5) . The tubers biomass contributed the highest proportion of the total biomass compared to shoot biomass regardless of irrigation water rate. The 100% irrigation water, high N and P rates had the highest shoot biomass, while 65% had the highest tuber biomass and consequently the highest total biomass. Lowest total biomass of 90.37 g was recorded with the integration of 40% irrigation water, 0 kg N/ha and 0 kg P/ha rates and the highest biomass was 325.3 g observed where 65% irrigation water, was integrated with 112.5 kg N/ha and 75.9 kg P/ha application rates (Table 6) . Overall irrigation water, N and P rates had significant effect on potato total biomass (P  0.05).
Harvest Index
The potato harvest index (HI) significantly depended on irrigation water, N and P rates and only interactive effects of P with N affected it in both RTrials. The HI significantly increased with increase in irrigation water application from 40% upto 65% beyond which it decreased with 100% irrigation water rate (Table 7) .
High irrigation water rate at 100% compared with 65% decreased the HI by 5.3% and 4.9% in RTrials I and II, respectively. However, there were no significant differences between 40% and 100% irrigation water rates in RTrial I (Table 7) . The HI significantly increased with combined N and P application from 0 kg N/ha and 0 kg P/ha to 112.5 kg N/ha and 75.9 kg P/ha after which it decreased or remained constant with further application. Application N and P from 0 kg N/ha and 0 kg P/ha to 112.5 kg N/ha and 75.9 kg P/ha increased the seed potato HI by 8.5% both in RTrials I and II, respectively (Table 8) . Increase in HI depended on combined increase in both N and P application rates.
Economic Analysis
The net economic benefit (NEB) significantly depended on irrigation, N and P rates. Combination of irrigation water with either N or P, and that of N and P also influenced the gross benefit of seed potato production per unit area. Irrigation water and N rates significantly increased the NEB of seed potato production enterprise from Ksh. 260,928 and 332,046 when low irrigation water rate of 40% was integrated with low N application rate of 0 kg N/ha, compared to Ksh 738,199 and 877,021 obtained with integration of 65% irrigation water rate and high N application rate of 112.5 kg N/ha in RTrials I and II, respectively (Table 9) .
NEB significantly increased with integrated application of irrigation water and N rate from 40% up to 65% FC, after which it slightly declined with 100% FC irrigation rate and increased application of N beyond 112.5 kg N/ha. Integration of 65% compared to 40% irrigation water with 112.5 kg N/ha increased the seed potato NEB by KSh. 315,098 and 300,323. Increasing the irrigation water beyond 65% to 100% FC together with 112.5 kg N/ha decreased the seed potato NEB by KSh. 288,991 and 274,792 in RTrials I and II, respectively. 2.7 1.9 *Means followed by the same letter(s) along the column for different irrigation water, N and P rates are not significantly different at P≤0.05 according to Tukey's Studentized Range Test. Interactions were not significant at P  0.05. MSD = Minimum Significant Difference. Mean separation was done within each season. 1.1 0.9 MSD (N) 1.1 0.9 CV (%) 2.7 1.9 *Means followed by the same letter(s) along the column for different N by P application rates are not significantly different at P≤0.05 according to Tukey's Studentized Range Test. MSD = Minimum Significant Difference. Mean separation was done within each season.
A low NEB was recorded when 100% and 40% irrigation rates were integrated with low and high N application rates, respectively (Table 10) . Similarly application of irrigation water from 40% to 65% FC together with P from 0 up to 75.9 kg P/ha increased the seed potato NEB beyond which it reduced. The highest NEB of the seed potato production enterprise of Ksh 681,385 and 836,000 resulted from integrated application of 65% irrigation water and 75.9 kg P/ha compared to the lowest which was Ksh. 218,305 and 309,519 obtained with integration of 100% irrigation water and 0 kg P/ha. Increased integration of irrigation water from 40% to 65% FC together with P application rate from 0 to 75.9 kg P/ha increased the NEB by Ksh 252,592 and 257,528 in RTrials I and II, respectively (Table 10) .
Integration of N and P also significantly increased the seed potato production enterprise NEB. The highest NEB was Ksh 661,747 and 847,727 that resulted from integrated application of 101.2 kg P/ha and 112.5 kg N/ha. Increasing N and P application from 0 kg P/ha and 0 kg N/ha to 101.2 kg P/ha and 112.5 kg N/ha increased the NEB by Ksh. 490, 210 and 619, 591 in RTrials I and II, respectively (Table 10 ). 
Discussion
Potato plants supplied with high irrigation water, N and P rates had higher plant height and biomass accumulation. Potatoes supplied with 100% irrigation water had better growth and development compared to those supplied with 65%, which had intermediate and those supplied with 40% rate had the least growth. It is possible that low irrigation water led to droughty conditions within the potato plant, which possibly resulted in low physiological processes that led to reduced growth. Treatments which received high irrigation water together with low N and P rates and vice-versa did not record greater growth and development. This suggests that the effect of irrigation water, N or P was closely related to the ability of potato plant to utilize them from the soil. It therefore seems there is a synergistic relationship between the irrigation water, N and P rates towards potato growth and development. Probably, availability of N and P to the potato crop depends on the amount of irrigation water supplied. Furthermore, the utilisation of the applied irrigation water by the potato crop depends on the amount of N or P applied. 10.9 *Means followed by the same letter(s) along the column for different N by P rates are not significantly different at P≤0.05 according to Tukey's Studentized Range Test. MSD = Minimum Significant Difference. Mean separation was done within each season. Segal et al. (2000) reported that high irrigation amounts and frequency provide desirable conditions for water movement in soil and uptake by roots. However, it is possible that under low irrigation water rate, mobility of N and P was interfered with and therefore curtailing the benefits of these mineral nutrients. Similarly, in this study, high irrigation water, N and P rates could have increased water, N and P uptake by the potato plant which led to a positive effect on plant height, total biomass accumulation and delayed 50% flowering and physiological maturity. Kumar et al. (2013) reported that the increased dry matter production when inorganic and organic minerals are applied is attributable to higher photosynthetic activity and translocation of photosynthates. High N application has been reported to induce maximum vegetative growth and biological yield due to enhanced physiological processes such as cell division and elongation (Jahan et al., 2014) .
Although greater vegetative growth and development was observed with integration of high irrigation water, N and P rates this did not result in the highest total biomass accumulation. The results show that integration of 65% compared to 100% irrigation water together with high N and P rates results in the highest total biomass production due to greater tuber biomass. When integration of high irrigation water, N and P rates supported more of the vegetative growth and development, probably it interfered with reproductive growth by promoting high shoot biomass at the expense of tuber biomass. The harvest index (HI) of seed potato significantly increased with irrigation water, N and P rates. Although high biomass was observed for high irrigation water, this suppressed and decreased seed potato tuber productivity compared to vegetative growth, resulting in low HI.
This result implied that most of the photoassimilates, for treatments that received high irrigation water, were channelled to vegetative growth. The 65% irrigation water probably enhanced balanced vegetative growth that channelled most of the photoassimilates to tuber development characteristics, resulting in high HI. High N and P rates indicate there were greater supply of the requirements for tuber initiation and bulking, resulting in high seed potato yield and hence greater HI. Higher rate of N has been reported to decrease potato HI (Mazurczyk and Lis, 2000; Belanger et al., 2001) due to excessive growth of the aboveground plant parts (Mazurczyk et al., 2009) . In the present study higher N and P rates decreased HI possibly due to higher aboveground growth at the expense of tuber growth. Low compared with high irrigation water also reduced the HI. Ayas and Korukcu (2010) reported that when the full irrigation treatment was compared with the deficit irrigation treatments, potato tuber yield, average tuber weight, tuber dry matter ratio, marketable tuber ratio drops. These potato yield components are major component of the HI.
Net economic benefit analysis is a very important component of seed potato production enterprise. The gross value of production depends not only on yield, but also tuber quality. Improving seed quality is a key strategy for increasing potato productivity worldwide (Fuglie et al., 2000) . In the present study, the net economic benefit was determined only for sizes I and II, which are the currently desired seed potato sizes in Kenya. The net economic benefit showed the suitability of methods adapted for production. The NEB was mainly based on the average yields and the current cost of irrigation water, N and P applied. Irrigation water, N and P application increased the net economic benefit of seed potato benefit. Intermediate irrigation water, N and P rates led to higher net economic benefit, compared to lower rates, because they led to production of more quantities of seed sizes I and II. One of the most important considerations while producing seed potatoes is the net economic benefit per unit area of production. The results obtained indicate that intermediate irrigation water, N and P rates can be adapted to enhance seed potato production and contribute greatly to the economic viability of seed potato production enterprise.
Conclusion and Recommendations
The overall combination of irrigation water, N and P rates affects soil moisture and nutrient content during the potato growing period. This result influences the physiological status of the potato plants, including growth and development status, and the subsequent yield attributes that affects the HI and the economic value of the potato production enterprise. Integration of high irrigation water at 100%, N and P rates at 150 kg N/ha and 101.2 kg P/ha increases potato growth and development rates, provides more photoassimilates for tuber development and leads to more ware potatoes, thereby decreasing the yield of the desired seed potato sizes that reduces the net economic benefit. It is recommended to avoid high irrigation water rates at 100% FC and low N and P rates at 0 kg N/ha and 0 kg P/ha due to their potential negative effects on seed potato tubers productivity and resultant net economic benefit to seed growers.
